Abstract: This study estimates the avoidable and unavoidable costs of alcohol-related, liver cirrhosis inpatient care, controlling for the lag structure and period of decline in disease risk. Lag structures with different lengths are applied to the exposure to risk from alcohol consumption, which allows for differentiation between avoidable and unavoidable cases due to prior consumption. A lag length of 20 (men) and 23 (women) years (expected remaining life years) gives a total cost of 592 million SEK. Given alcohol consumption is reduced to zero, 72% of cost could potentially be avoided. It is important to account for the length and structure of the risk decline following a consumption change as this substantially affects the estimates.
Introduction
A number of studies have estimated the total cost of alcohol (COA) consumption [1] [2] [3] . Although the results of these studies are interesting, their relevance for policy is limited as they neither assist with resource allocation decisions nor accurately specify areas that should be targeted by interventions. The main advantage of COA studies is rather to serve as a starting point for further studies, by defining and valuing the current costs and benefits connected to current and previous alcohol consumption [4] . Economic evaluations, however, are needed to choose between potential alcohol interventions, and this requires detailed knowledge about the potential future benefits from reductions in alcohol consumption. Thus, one problem with COA studies is that they do not differentiate between costs which can be avoided and those which are unavoidable at a particular point in time. For that reason, avoidable costs, costs that can be avoided given a reduction in current and future risky alcohol use, are of primary interest as it is through this concept that more accurate prioritisation and ranking between policies/interventions may be based.
As compared with traditional COA studies, the counterfactual scenario needs to be changed when estimating the avoidable cost. COA studies generally use a counterfactual scenario of a society without the adverse effects of current or previous alcohol consumption. A more realistic scenario is to compare the expected future cost of alcohol consumption, with a society where alcohol consumption is reduced at a certain point in time. This may result from a hypothetical or existing intervention with known effect. Following the definition in international guidelines, the total cost of alcohol is made up of two parts, the avoidable and unavoidable cost [4] . The unavoidable part consists of already existing alcohol-related diseases and new cases due to prior consumption, plus cases due to continued (irreducible) consumption (consumption which cannot be reduced further regardless of the degree and number of interventions implemented, given current level of knowledge). The avoidable part is thus those cases that are amenable by interventions and behaviour changes [4] , which can be difficult to define for a particular population, at a given point in time, given the large range of interventions or possible combinations. We point out that it is also important to identify the future cost due to prior consumption separately from continued irreducible consumption as this will give an indication with regards to the potential future cost saving of developing new, more effective, interventions. The point being that what is continued irreducible consumption today not necessarily remains so tomorrow. Thus, the current study makes this distinction. In order to make the difference of the current definition and the definition in the international guidelines clear, we refer to the current as unavoidable cost due to prior consumption.
The estimation of avoidable costs is normally justified by its contribution to: (1) prioritising expenditure of public funds; (2) facilitating analysis of intervention programs as well as the design of such programs; (3) identifying information gaps both in research and data collection; and (4) improving the analysis of the cost-effectiveness of policies and interventions [4] . A more general and maybe more important justification is that estimation of avoidable costs would probably foster research and development in areas where potential cost savings are significant [5] . This latter general justification point out the importance of what was discussed above, that unavoidable cost due to prior consumption is differentiated from unavoidable cost due to continued irreducible consumption.
Estimating the avoidable cost of alcohol consumption is a new area of research. Following the publication of guidelines for estimating the social cost of substance abuse by the World Health Organisation (WHO) in 2003 [6] , Health Canada initiated a workshop in 2005 with the aim of producing theoretical guidelines for estimating the avoidable cost of substance abuse. As well as working towards the development of sound methodologies and approaches, the intention was to encourage and provide guidance for pilot studies in this area. Although the resulting guidelines build on the most recent knowledge in all relevant areas such as epidemiology and criminology, it is expected that empirical work will encounter a multitude of challenges which will develop the guidelines [4] . To date, three robust attempts have been made to estimate the avoidable costs of alcohol consumption [7] [8] [9] , two of which are a direct result of the theoretical guidelines using the same definitions [7, 8] .
A Canadian study estimated the avoidable health care, crime and indirect costs following six potential interventions in the alcohol field while Collins and Lapsley estimate the avoidable alcohol-related cost following seven potential interventions for Australia [7, 8] . Although both studies use some potential interventions to help determine the irreducible consumption and thus avoidable cost, other approaches to define the irreducible consumption are also tested. All effects from reduction in alcohol consumption are considered immediate in both studies, i.e., no time characteristics of risk decline were accounted for in the estimations, due to data limitations. This is dealt with to some extent in a study from the UK, which investigates the effect on alcohol-related harm from different alcohol-related interventions [9] . The authors assume a lag length of 10 years before the full health effect of a consumption change is manifested. It is further assumed that the lag structure is linear, i.e., that each year has an equal proportion of risk decline. In general, the report includes harm related to health, crime and employment and a total of 53 different scenarios were estimated showing avoidable effects and costs [9] .
Thus, a major obstacle to allowing for temporal characteristics in prior research has been a lack of data, forcing the issue to be overlooked or handled with somewhat subjective assumptions. The current study develops a method for handling the time characteristic of risk decline following a consumption change based on population information available for liver cirrhosis. In order to illustrate the method in the current study we also estimate the unavoidable cost due to prior consumption.
Aim
The aim is to extend and apply methods to estimate the societal avoidable and unavoidable cost of inpatient care due to liver cirrhosis, accounting for the time characteristics of risk decline. We use a counterfactual scenario where alcohol vanishes overnight, i.e., where effects of prior consumption still lingers but where present and future consumption is abolished, in order to estimate the unavoidable cost due to prior consumption as discussed above. The results for men and women are presented separately, but the calculations for women are shown in more detail in the text while the detailed results for men are found in the appendix. The focus is on liver cirrhosis as it has been shown to have a very strong link to alcohol consumption and thus alcohol-related harm [10] . A crucial assumption is that the age and gender characteristics of the population and the distribution of alcohol consumption in the actual scenario are constant, i.e., children who grow up start consuming according to the distribution in year zero. In the counterfactual scenario, children who grow up do not start consuming alcohol. Alternatively, the population at year zero could be fixed and followed until death. However, the results of such a study would not be comparable with the COA literature. The base of this study is the recent Swedish COA study [11, 12] and this should be seen as a step towards extending methods to allow for the future estimation of the avoidable cost.
The Swedish COA study estimated a total net cost of alcohol consumption in 2002 of 20.3 billion Swedish kronor (SEK). The cost of inpatient liver cirrhosis care was estimated to be 37 million (SEK) out of which women's consumption stood for 12 million (SEK). A total of 328 (677) liver cirrhosis cases (ICD-10 codes K70 & K74) were attributed to alcohol consumption for women (men) with a unit cost of 36,796.75 SEK. That is, in the counterfactual scenario of no adverse effects of alcohol consumption 328 cases would have been averted for women, as shown in Table 1 [12] . 
Method
The total cost estimated in the Swedish COA study is a yearly moment-in-time assessment of the cost. However, the increased risk of disease is expected to decline gradually over time following a reduction of alcohol consumption, i.e., the temporal path of decline in disease risk needs to be accounted for when estimating the avoidable cost. This is challenging, especially as there is a considerable lack of research on the time path of disease risks. To the authors' knowledge, no individual level study exists that investigates how the risk of liver cirrhosis changes over time following a change in alcohol consumption.
However, the lag structure of population consumption on liver cirrhosis mortality has been investigated somewhat in aggregated time series analyses [13] . It is generally found that the lag structure is surprisingly short and that changes in alcohol consumption have an immediate, substantial effect on mortality rates [13] [14] [15] . Additional lags affect the mortality rates at a decreasing rate, which is surprising as alcoholic liver cirrhosis takes several years to develop [13] .
Lag Structure
This study employs the lag structure modelled by Norström [13] which includes both the short-and long-term effects of changes in alcohol consumption, originally suggested by Skog [16] :
where w i is the weight of consumption in year i, λ 1 and λ 2 are the geometrically declining lag parameters for the short-and the long-term effects respectively and p is the relative importance of the short term effect [13] . In the same study, using Swedish data, Norström concludes that appropriate parameter values are 0.50 for λ 1 , 0.93 for λ 2 , and 0.80 for p, which were close to the values obtained in an earlier study using British and French data [16] . The short-term effect is thus considered to be stronger than the long-term effect, although it dies out faster. It follows that the lag weights decline at a decreasing rate, not reaching zero within a human lifetime. However, the weight quickly becomes small (below 0.1 after 9 years, below 0.05 after 19 years, and below 0.01 after 41 years) making the inclusion of an additional lag of diminishing importance, especially considering the need to discount future costs. A 3% discount rate will be used in the current study, following the Swedish COA study [11] .
The UK study assumes a time period of 10 years (including the initial year, i.e., the immediate effect) between consumption change and the full effect [9] . The assumption is based on the time period for developing a disease, averaged over all alcohol-related chronic diseases. A 10 year lag period has also been used by Ramstedt when estimating the effect of changes in per capita consumption on liver cirrhosis mortality [17] . Following these prior studies, the current paper also uses a 10 year lag period, in addition to an "average expected remaining life years" period. This will establish the sensitivity of the results with regard to the length of the period for disease risk decline. The appropriate length of the lag period will be dependent on the lag structure and the chosen discount rate and is therefore expected to be disease specific. The weights for the 10 year lag period are shown in Table 2 . The weights are summed (=3.073) and a proportion for each year is calculated based on the ten year time period. That is, 33% of the total reduction in liver cirrhosis following abstention occurs immediately (1/3.073) while 3% occurs in the tenth year (0.11/3.073). After ten years the full effect of the risk decline are manifested, following the assumption above.
As the lag structure is based on aggregate consumption, it is not known to what extent these weights are different between consumption groups. With such data, it would have been possible to have different weights and even different time periods depending on level of consumption. Without such data, an additional assumption is required stating that the risk decline following consumption change is proportionally the same between individuals, independent of level of original consumption. Regarding liver cirrhosis, this assumption is of less concern as the disease normally is considered to develop from long-term consumption [13] and increased risk of disease is based on level of consumption [17 and referred literature] and not from periodic binge drinking.
Exposure Based Lag Structure
The lag structure should be modelled directly on the relative risk of disease as this will allow the estimation of new cases over the time period. The results of the alternative approach, i.e., modelling the temporal characteristics on the outcomes, should be interpreted as the distribution of the length of treatment, i.e., a focus on palliative and curative services [5] . That is, the study needs to be exposure based rather than outcome based [5] . The advantage of focusing on exposure is that it allows for differentiation between avoided and delayed effects, which is theoretically more appropriate for avoidable cost calculations. The relative risk (RR) is simply:
where P is the probability of an event for exposed and unexposed respectively. The probability of an event for those exposed comprises two components, the probability of an event for those unexposed (baseline) and the change in risk following exposure:
By inserting (3) in (2) and rearranging, we get:
If we now assume a change in the probability of an event for those exposed, which will affect the relative risk, this can be modelled as:
By substituting (4) into (5) and simplifying, the following is given:
The last formula thus gives the new relative risk based on a change in the probability of an event in the exposed group when only the original relative risk and the actual change in probability is known. Applying equation (6), where x is the negative cumulative proportion of weights in Table 2 , in the case of liver cirrhosis gives the relative risks after abstention (Table 3) . 1.00 1.00 1.00 1.00 * Year−1 is the current situation while year 0 is the immediate effect of abstention in the counterfactual scenario. The same drinking categories are used as in the Global Burden of Disease study [18] . 
where i denotes the drinking categories (see Table 3 ), P is the prevalence rate and RR is the relative risk of the i:th category. As the distribution of alcohol consumption differs over age, different AAFs are calculated for seven different age groups (Table 1 ). Given the fact that the number of alcohol related cases are reduced each year in the counterfactual scenario, it follows that the total number of liver cirrhosis cases (alcohol and non-alcohol related cases) are also reduced each year. That is, the number of cases to which the AAF is applied is adjusted for each consecutive year according to the number of alcohol-related cases avoided in the year before. For example, there are originally 902 female cases of liver cirrhosis in Sweden in 2002 (Table 1) , following abstention 74 alcohol-related cases (out of 328) are avoided in year 0 leaving 828 cases in the beginning of year 1.
Results
In Table 4 are the estimated cases and costs of liver cirrhosis for women with a 10 year long lag period shown. The inpatient health care costs for alcohol attributable liver cirrhosis comprises two parts, one unavoidable part due to prior alcohol consumption, and one avoidable part that would disappear if alcohol vanished overnight in year 0. Over the full ten year period, the unavoidable part sums to 30 million SEK while the avoidable part sums to 76 million SEK, giving a total cost of alcohol-related liver cirrhosis due to current consumption pattern of 106 million SEK, i.e., potentially 72% of the total cost of alcohol-related liver cirrhosis is avoidable over a 10 year period for women. In the Swedish COA study, the cost for year 0 was estimated to be 12 million SEK. Table 4 shows that this cost is 23% avoidable, a proportion that is increased for each consecutive year, culminating at 100% avoidable by the tenth year. For each additional year, starting with year 11, 328 cases are avoidable in the counterfactual scenario, although the costs are more heavily discounted. This raises the question of when to stop counting. In the current situation, it makes some sense to stop after 10 years as, given the assumptions, the theoretical minimum risk is reached (the lowest possible risk). However, if the 10 year period assumption is relaxed, the theoretical minimum risk will be reached at a different time point. Table 5 shows the number of avoidable and unavoidable cases and costs for both women and men. The avoidable proportion is slightly lower for men (71%). As noted above, Meier et al. is the only existing study that controls for the time characteristic of risk decline. This is done by assuming a 10 year lag period with a linear risk decline [9] . To allow for comparison, the results from Table 5 are reproduced below (Table 6 ) using the same assumption. It is shown that failure to account for the stronger short-term effect, compared to the long-term effect, will underestimate the amount of cost that could be avoided. It is even the case that the avoidable cost is lower than the unavoidable cost, due to the fact that avoidable costs are more heavily discounted as this is predominantly a late effect. 
Lifelong Lag
The 10 year lag period applied above was used based on assumptions in earlier studies. However, the lag structure attained from Norström [13] implies that the increased risk of developing liver cirrhosis due to alcohol consumption compared to abstention never really disappears. Thus, alcohol consumers can expect to have an increased risk of disease until death, even if they become abstainers. This section will therefore calculate the increased risk and associated costs for the expected remaining life years. On average liver cirrhosis patients in Swedish inpatient care were 60 years of age (the same for women and men) in 2002. The corresponding expected remaining life years for these patients were 24 and 21 years for women and men respectively [19] .
The associated costs are, as expected, higher when the lag period is increased, given that counting stops when the theoretical minimum is reached. The total cost for the lifelong lag sums to 211 million SEK, see Table 7 , i.e., almost twice the cost of the 10 year lag. However, the proportion of the costs that theoretically could be avoided by complete societal abstention is only marginally affected, increasing by 1 percentage point to 73%. This is to some extent a result of discounting, putting less weight on later years. The corresponding cost for men is 381 million SEK out of which 72% are avoidable over the next 20 years, see Table 8 . 
Sensitivity Analysis
One sensitivity analysis was conducted regarding the parameter values in equation 1. Instead of the values estimated by Norström [13] the values estimated from British and French data by Skog [16] were used (0.60 for λ 1 , 0.95 for λ 2 , and 0.85 for p). Thus, the short term effect is stronger and declines less rapidly. However, this is countered by an increase in the long-term effect. The results show that using the values from the Skog study would increase the number of cases and costs that are unavoidable due to prior consumption, although marginally, see Table 9 . 
Discussion
Even if alcohol consumption magically disappeared overnight, Swedish society would still suffer the cost of alcohol-related liver cirrhosis in the magnitude of 165 million SEK, based on the remaining life years lag structure. However, a cost in the magnitude of 428 million would have been avoided, showing the maximum theoretical gain from alcohol interventions with regard to liver cirrhosis.
Prior studies have used a 10 year long lag structure which, as expected, results in substantially lower costs. However, in order for the estimates to be comparable, the cost in the 10 year lag period should be extrapolated over expected remaining life years where the full effect of the risk decline is added to each additional year. As noted above, the lag structure obtained declines at a decreasing rate. It thus appears that the most appropriate length is to use the expected remaining life years as the increased risk due to alcohol consumption does not reach zero within a normal human life span. It should be noted that this is in regard to how long the unavoidable cost due to prior consumption needs to be considered but not how long the benefits from reducing alcohol consumption should be considered as the beneficial effects will continue after the adverse effects of prior consumption has disappeared.
The Swedish COA study estimated that the cost of alcohol-related liver cirrhosis for inpatient care in 2002 amounted to 37 million SEK. This is the cost that would be avoided in one year if the full effect of a consumption change occurred immediately. Although the current study shows that the immediate effect is substantial, assuming that the full sum could be saved in 2002 would be vastly misleading. The immediate cost saving would only be 17% of the total cost, as estimated in the current study.
The lag structure employed in the current paper indicates a higher relative importance of the short-term effect. The proportionally higher avoidable, compared with unavoidable, cost is largely driven by this. The comparison of this study's result with a linear risk decline, as used in prior research [9] , shows that the difference is substantial. It is expected that failure to account for the strong short term effect could bias cost-effectiveness ratios in future economic evaluations.
One limitation in the Canadian and Australian avoidable cost studies, which is also pointed out by the respective authors, is that the lag structure cannot be estimated due to data limitations. The full effect of risk decline following a change in consumption could thus mistakenly be interpreted to be manifested immediately, i.e., in year zero [7, 8] . This problem is discussed in the reports, and the Canadian study even goes so far as to conduct a literature review regarding the current knowledge of the lag structure for different alcohol-related diseases [7] . In the case of the current hypothetical intervention, this interpretation of an immediate effect would make the estimate of avoidable cost in year zero equal to the total cost of alcohol consumption, which certainly is not the case. The UK study takes something of a middle ground, estimating the avoidable cost of existing interventions although applying a method that makes it easy to differentiate between avoidable and total cost even if the current hypothetical intervention was used [9] .
The use of economic evaluations is much less developed in the alcohol field compared with many other areas of health economics. This is due to the fact that the impact of alcohol is complex and multi-dimensional. It affects for example crime, productivity, health and quality of life which make evaluations difficult to carry out. The result of this is a limited knowledge about the cost-effectiveness of interventions and policies targeting alcohol-related harm. While estimating the theoretically avoidable cost of alcohol consumption is of limited importance on its own, using this information in connection with economic evaluations of interventions will provide important direction for policy-makers and society. Estimating the theoretically avoidable cost will facilitate future economic evaluations. It is thus important that the current study is considered in connection with future economic evaluations in the alcohol field, thereby increasing the practical importance of research on the cost of alcohol.
One limitation of the current study is that it has not been possible to differentiate between new and existing cases in year 2002, i.e., the cases developed prior to the hypothetical disappearance of alcohol consumption need to be identified in order to give a complete picture of the avoidable and unavoidable cost, due to prior consumption. Liver cirrhosis patients who stop consuming alcohol are treated for about 3-5 years (shorter for those who continue to drink). However, it is not currently clear whether they are registered as inpatient cases beyond the initial hospitalisation spell. The incidence-prevalence ratio at year zero could not be studied at this time due to data limitations but should be investigated in future research. Such a study, however, will have to deal with the difficulty of not only separating existing from new cases in year zero but also controlling for those patients who do not stop consuming alcohol.
Another issue that needs to be accounted for in future studies of the avoidable cost is the trend of alcohol consumption. If per capita consumption is rising over time after year zero, the counterfactual scenario will result in even larger avoidable cost, and vice versa, for a decline in consumption.
Another type of study that is needed more desperately than any other, in order to estimate the avoidable cost of alcohol, is investigations of the disease-specific risk decline following reduction in consumption for all alcohol-related diseases. Currently this information is largely lacking. Unless this data could be attained through epidemiological studies, it could potentially be studied using the approach in Norström [13] and Skog [16] on which the current study relies. Future developments in this area should also considerer the potentially different effects on risk decline following different length, volume and pattern of consumption. It is possible that the effect of drinking cessation on risk decline is dependent on how long the individual has consumed alcohol and in what manner. Besides, the current study has assumed the same proportional risk decline irrespective of consumption level. This need not be correct as it is possible that the function of risk decline is different between different consumption groups. 
